the disease produced experimentally by inoculation, a long time always elapses before the symptoms appear. After intracerebral inoculation, the average time is 25 days in the rabbit and over 60 days in the monkey. In the guinea-pig, rat and mouse, the susceptibility varies to a greater degree, the incubation period may be anything from three weeks to a year in the guinea-pig, and from 20 to 80 days in the rat and mouse. Even the horse inoculated intracerebrally may not develop symptoms for over 50 days.
These findings indicate that the virus of "Borna" disease is unique among known neurotropic viruses as to incubation period. In the case of rabies, however, a long time elapses between accidental inoculation of the virus into the tissues and the development of symptoms; but it must be remembered that the incubation period is shortened proportionately to the proximity of the point of infection to the central nervous system. Moreover, when the virus of rabies is inoculated directly into the central nervous system, the incubation period "is relatively short. Rabbits inoculated intracerebrally with " fixed" virus succumb in from 5 to 9 days, and rabbits inoculated intracerebrally with "street " virus in from 10 to 20 days.
In experimental "Borna" disease the observations on the long period between inoculation and the development of symptoms suggest that in attempting to transmit JUNE-JOINT Disc. No. 8.-1 encephalo-myelitic diseases to animals experimentally quick results are not always to be expected. Another point to be considered in this connexion is that in attempting to adapt a virus to another species one often finds that, owing to varying suIceptibility, many of the animals inoculated with the original material fail to develop symptoms. It is always advisable, therefore, with primary inoculations to inject a large number of animals with the same material. From 21 typical cases of " Borna " disease in the horse, Zwick, Seifried and Witte (1926) [13] recovered, in 16 instances only, a virus capable of infecting rabbits. The failure on the other 5 occasions might be due to the varying susceptibility of the inoculated animals, and success might have resulted if a greater number of rabbits had been inoculated.
With regard to immunity to enzootic encephalo-myelitis, experimental observations on rabbits show that animals which have recovered from the disease are immune to a second attack. However, on occasion, rabbits and monkeys develop a recurrent form of the disease; that is to say, such animals, after having apparently recovered from an attack with the typical syndrome, later develop characteristic symptoms and succumb to the infection. Such persistence of infection might explain certain cases in horses when an animal, having developed typical symptoms and recovered, has a second attack later. Persistence of infection seems a more feasible explanation than re-infection.
Attempts to produce an active immunity in the horse have been few. Zwick and his collaborators (1926 and 1927) [13] and [14] found that horses which had received several subcutaneous inoculations with virulent material at intervals resisted a subsequent intracerebral inoculation. They also showed (1926) [13] that the introduction of a large quantity of virus intraperitoneally may render rabbits refractory to subsequent infection. Ernst and Hahn (1927) [3] recorded experiments, the results of which tended to show that inoculation of the virus intracerebrally did not lead to the development of the disease if, during the incubation period, such animals received repeated inoculations of the same material into the veins. Nicolau and Galloway (1928) [5] made a similar observation in the guinea-pig, in which species susceptibility to intracerebral infection appeared to be diminished by simultaneous intramuscular inoculation of virus. This is contrary to what one would expect, since, by inoculating virulent material into the muscles, it is possible to produce the typical syndrome followed by death, and one would suppose that the incubation period would be shortened by simultaneous inoculation of virus into the brain and the muscles. These facts, as a whole, are difficult to explain and the results differ markedly from those obtained by Perdrau (1925) [11] in herpetic encephalitis in the rabbit. He found, in attempting the passage of fresh strains from human sources to rabbits, that the incubation period was diminished by giving cutaneous inoculation followed by an intracerebral inoculation 48 hours later. Whatever may be the explanation of the refractory state induced in infection with the virus of enzo6tic encephalo-myelitis, through inoculation of virus by routes other than the intracerebral, any attempt to produce an immunity with untreated virus does not recommend itself. For this reason various means to kill, attenuate, or modify the virus have been used in attempts to produce an active immunity, but no success has followed the use of virus killed by heat, ether, chloroform, ultra-violet light, carbolic acid, or glycerin.
Following the popularization by Ramon of the use of formalin to modify the toxins of the diphtheria and tetanus bacilli, numerous investigators have used this antiseptic to modify viruses, with the view of preparing innocuous vaccines. Virus treated by formalin has been used as a vaccine in foot-and-mouth disease, distemper, rabies, rinderpest, swine fever and yellow fever.
Nicolau and Galloway (1928) [5] and (1929) [8] attempted to immunize rabbits and monkeys against "Borna" disease, using a vaccine consisting of virulent brain material, rendered non-infective by the action of formalin. Their results have not been encouraging. Only 25 per cent. of their animals, which had received repeated doses of formalinized virus subcutaneously or intramuscularly, proved immune to an intracerebral test dose. When the formalinized virus was inoculated subdurally instead of subcutaneously or intramuscularly, the results were not much better: 27 per cent. of the vaccinated animals resisted the intracerebral test dose. These results, although they do not appear favourable to the use of formalinized vaccine in the case of "Borna" disease, are, on the whole better than those obtained with formalinized vaccine in vaccinating against rabies.
With the use of virus, modified by carbo-glycerine, as a vaccine, their results have been more promising (Nicolau, Galloway and Stroian (1929) ). To prepare the vaccine, the brains -of rabbits dead from "Borna" disease are emulsified in saline. The emulsion is then mixed in the proportion of 1: 4 with a mixture of 0-5 per cent. carbolic acid in 60 per cent. glycerin. The resulting mixture of virus and carboglycerine is kept at 260 C.; in about seven days it is non-infective when injected by the intramuscular route and it possesses good vaccinating properties. In their opinion, the virus in the carbo-glycerine vaccine, as also in the case of formalin vaccine, is not dead, but attenuated or modified. Moreover, they believe that no absolute immunity can result unless there is interaction between the sensitive tissue and the virus.
With regard to complement-fixation tests, Stroian (1929) [9], who has also collaborated with Nicolau and Galloway in other experiments, has shown that when an antigen, consisting of dried virulent rabbit brain treated with methyl alcohol, is placed in contact with the serum of a rabbit immunized against " Borna" disease, complement is fixed. However, when the same antigen is mixed with the sera of animals immune to herpes, neurovaccinia, or poliomyelitis, an almost comparable fixation of complement is obtained. Curiously enough, also, when Wassermann-positive human sera are placed in contact with the " Borna " antige'n, complement is fixed, although such is not the case with Wassermannnegative sera.
In other experiments varying the antigen, i.e., using antigens prepared from the brains of rabbits dead from herpetic encephalitis, vaccinia or rabies, or even antigens prepared from normal rabbit or guinea-pig brains, it was found that complement was fixed to an almost comparable degree when they were placed in contact with the sera of rabbits immune to " Borna" disease. Sera from normal rabbits gave negative results. These observations and those of Schultz (1928) [12] cast much doubt on the specificity of complement-fixation in infections with neurotropic viruses.
Other questions of interest are that of the " lighting up " of latent infection with a neurotropic virus by various means, and the antagonism apparent between two neurotropic viruses when a double infection takes place, and these I propose to bring forward for discussion.
It has been found experimentally that such predisposing factors as cold and intercurrent infections may light up an infection with a neurotropic virus whlich has become latent in the organism. By inoculation of an irritant such as sterile bouillon into the brain one can also set free (declencher) an infection with a neurotropic virus which is latent. It is conceivable that in natural conditions a similar diminished resistance may be induced by severe cold or some superadded infection; the observations of Ernst and Hahn (1927) [3] on malignant catarrhal fever and "Borna " disease point in this direction. It has also been suggested by Bastiaanse, Therburgh, Bfjl and Levaditi (1925) [2] that post-vaccinal 'encephalitis might possibly be produced by some virus latent in the nervous system which was " lit up" by the generalized infection with the virus of vaccinia. Alajouanine, Fribourg-Blanc and Gauthier (1928) [1J likewise referred to cases of acute ascending paralysis of the Landry type which had been described by Guillain and Barr6, and by Lri and Boivin in 1919,' following upon antityphoid vaccination, and they themselves cited a case of anterior poliomyelitis following such vaccination. With regard to the antagonism between neurotropic viruses observed when a double infection occurs. In one of our experiments we inoculated the virus of poliomyelitis into a monkey which to all appearances had recovered from " Borna " disease infection. This monkey subsequently died, and the virus of the latter disease, but not that of poliomyelitis, was recovered from its nervous system. This recalls the observation of Levaditi and Nicolau in 1925 [4] that, in a case of double infection with the virus of rabies and neuro-vaccinia, the virus with the shorter incubation period (i.e., the virus of vaccinia) survived, to the elimination of that with the longer (i.e., rabies).
Whilst in our experiments the virus with the shorter incubation period was eliminated, a similar result might not have been obtained if the two viruses had been inoculated simultaneously.
Another disease which may be mentioned briefly is paralysis of fowls (" neurolymphomatosis "), a specific condition which has been recorded in Germany, America and Holland, and is of particular interest owing to the intense infiltrative lesions in the peripheral nerves. Recently I have found this disease occurring in England. The symptoms are partial or complete paralysis of the legs and wings. There are facts which suggest that the disease is infectious. The lesions consist of an intense infiltration of the peripheral nerves and spinal ganglia with lymphocytes, plasma cells and large mononuclears. Infiltrative lesions which are perivascular are also encountered in the brain and spinal cord. I have recently succeeded in transmitting the disease to fresh susceptible fowls by intracekebral inoculation of emulsions of the nervous system of diseased birds. The infiltration of the peripheral nerves with the mononuclear cells is greater than I have ever encountered in any other condition, and in certain cases the whole nerve tissue seems to be replaced by nodules of the infiltrating cells. The myelin sheaths are degenerated in advanced cases, but this process is secondary to the primary infiltrative lesion.
I shall now show photomicrographs and microscopic preparations illustrating the lesions in " Borna " disease. The lesions can be classed in two categories-infiltrative and degenerative.
(1) The infiltrative lesions consist of meningeal infiltration, perivascular "cuffing," also parenchymatous infiltration; the cells taking part in the inflammatory process are lymphocytes, plasma and large mononuclear cells. Plasma cells are more abundant than in most other forms of encephalitis. The presence of polymorphonuclear cells or leucocytes is exceptional even in the earlier stages of infection. These infiltrative lesions are found in the brain, spinal cord and spinal ganglia.
(2) Degenerative lesions of the nerve-cells, which sometimes extend to neuronophagia, are quite common, and are found throughout the brain, cerebellum, medulla oblongata, spinal cord, chiefly in the anterior horn and spinal ganglia. In all cases the spinal ganglia show very intense lesions.
A noticeable feature in the histopathology of " Borna " disease is the presence of the Joest-Degen corpuscles within the nuclei of the nerve-cells. These corpuscles may occur singly, or in twos or threes; they vary in size from the limit of visibility to 3 ,a or even 5 to 7 , and are generally surrounded by a halo. They stain bright red by Mann's stain. An interesting point is that, as a rule, these Joest-Degen corpuscles are only found in the nuclei of nerve-cells preserving a perfect morphological and tinctorial integrity. They are never found in the nuclei of nerve-cells which have undergone neuronophagia. A similar observation can be made with regard to Negri bodies in the case of rabies infection.
It has been suggested by Nicolau and Galloway (1928) [7] that the cell which reacts against the presence of the virus by the formation of Joest-Degen corpuscles has formed a barrier to the extension of the destructive action of the virus by I Rev. Neurol., 1919, xxvi, 965. blocking the infective element within a condensation of its chromatin. Their recent work (1928) [61 has also shown that the larger Joest-Degen corpuscles have a definite structure similar to that described for Negri bodies in rabies.
The experiments of Nicolau and Galloway (1929) [101 show that the virus of enzootic encephalo-myelitis, when inoculated intracerebrally, disseminates in the animal organism in a similar way to the viruses of rabies, poliomyelitis, herpes and probably also to some extent of neuro-vaccinia-i.e., centrifugally by the nerve tracts.
In " Borna" disease, lesions accompanied by virus have been found not only in the central nervous system, but also in the peripheral nerves (interstitial neuritis) such as the brachial, sciatic and pneumogastric nerve; and in the intraparenchymatous nerve cells, ganglia and plexuses of the autonomic nervous system associated with various organs, e.g., the heart, adrenal glands, the pancreas, intestines, stomach, the eye, parotid glands and lungs. This fact is of the greatest importance, since it not only explains why the virus may be found in internal organs, but also shows that the clinical symptoms in affected animals are not entirely central in origin. It is possible that intestinal stasis, respiratory distress, amaurosis, digestive disturbances and sudden death may be the result to some extent of the lesions in the peripheral nervous system. I would like to add a few words on the spontaneous encephalites of rabbits which may be encountered in experimental work.
Most investigators are aware of the encephalitis which may be produced by the Encephalitozoon cuniculi, but the encephalitis produced by infection with Toxoplasma cuniculi (Splendore, 1908) is not so commonly known. We have had five cases of the latter infection amongst our experimental rabbits dating from March, 1927. Throughout the hundreds of rabbits inoculated in experiments dealing with neurotropic viruses (rabies, herpes, enzootic encephalo-myelitis, and neuro-vaccinia) spontaneous encephalitis in rabbits has only been encountered by Dr. Nicolau and myself in these five cases, at the National Institute for Medical Research at Hampstead during the years 1926 to 1929. Once one is familiar with the lesions produced by the Encephalitozoon cuniculi and Toxoplasma cuniculi, such infections are not liable to interfere with conclusions on experimental work.
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Journ. Exper. Path., 1925, vi, 123. [12] SCHULTZ, E. W., Journ. Immnun., 1928, xv, 229, 243, 265, 411. [13] ZWICK, W., SEIFRIED, O., and WrTTFe, J., Ztschr. f. Infekt. d. Haust., 1926, xxx, 42. [14] ZWICK, W., SEIFRIED, O., and WITTE., J., Ztschr. f. Infekt. d. Haust., 1927, xxxi, 150. Dr. J. G. Greenfield: During the past ten years our knowledge of encephalomyelitis has greatly increased both on the clinical and pathological sides. On the clinical side the appearance in epidemic form of types of encephalitis, which previously were either unrecognized or excited little interest, has led to an intensive study of the clinical symptoms and epidemiology. On the pathological side there has been much research work, some of which has given us a new insight into the pathogenesis of the diseases. This increase of knowledge makes an attempt at a pathological classification of the forms of encephalo-myelitis less presumptuous than it, would have been a few years back. Such a classification must necessarily be provisional, for there are still many gaps in our knowledge, but it may help to clear our ideas as to the nature of these diseases.
I have grouped encephalo-myelitis into three main classes: (1) Those caused by visible organisms; (2) those caused by neurotropic viruses; and (3) those associated with perivascular demyelination.
(1) In the group caused by visible organisms I include typhus fever, for, though it is still disputed whether the Rickettsia bodies seen in that disease represent the actual microbe, the disease process is similar in type to that caused by other betterknown organisms. In this class of encephalo-myelitis the disease in the brain differs little in its patbological characters from that found in other organs of the body. If we examine the brain in typhus fever, in general paralysis, or in the forms of encephalitis caused by blastomyces, or by streptococci, we see lesions similar to those which the organism produces elsewhere, modified by the extreme vulnerability of the nerve-cells and the peculiar reaction of the neuroglial elements. The disease in the brain is usually more or less focal, being confined to the neighbourhood of the micro-organism. Whether it is focal or more diffuse depends on the virulence of the microbe and the patient's power of resistance.
(2) In the diseases due to neiurotropic viruses there appears to be a primary attack by the virus on the nerve-cells. This class includes encephalitis lethargica, poliomyelitis, rabies, " Borna " disease, the herpetic encephalitis of rabbits and probably several other forms. All of these diseases, except encephalitis lethargica, have been studied experimentally by transmission through animals. In certain of them the invasion of the nerve-cells by the virus is almost definitely proved; in others it is more problematical. Goodpasture [4] has shown that in herpes and rabies the virus travels from the seat of injection to the nerve-cells along the nerve-fibres. It may reach the meninges by the neural lymphatics, or it may, in its passage along the nerve-fibres, leak out to some extent into the surrounding mesodermal tissues. But the first visible effects within the central nervous system are in the region of the corresponding nerve-cells.
In diseases caused by this class of virus it is common to find peculiar structures in the nerve-cells. These were at first considered to be a stage in the development of the virus, but are now more generally thought to be reaction products, formed by the nerve-cell, to the presence of virus within the cell. Goodpasture [4] considers the Negri and Lyssa bodies of rabies to be due to the destruction of neurofibrils in the cell body. Intranuclear inclusions are seen in the nerve-cells in herpes, and in " Borna" (Joest-Degen) and intracellular bodies in distemper (Gallego and others). Several different forms of granule have been described in the nerve-cells in encephalitis lethargica, but none of these is specific for the disease, and there is no general agreement with regard to them. So far as I know no special bodies have been described in poliomyelitis. But there can be no doubt that in these two diseases the nerve. cells are destroyed very rapidly. As Hurst has recently shown, within 24 hours of the onset of experimental poliomyelitis, many of the nervecells are already reduced to a mere shadow and are being rapidly phagocyted by wandering cells. In encephalitis lethargica the destruction of nerve-cells is not quite so rapid and neuronophagy is less intense. But the examination of the substantia nigra or of the substantia ferruginea in a case in which the patient has died after 3 or 4 weeks, shows that many of the nerve-cells have disappeared owing to the abundance of free melanin and the scarcity of neurons. There is little doubt that the melanin-bearing cells of these regions are peculiarly susceptible to attack in encephalitis lethargica, but there is evidence, perhaps not quite so complete or definite, that many nerve-cells in other regions are also destroyed.
Apart from this cell-degeneration there is usually no evidence of tissue-destruction. In poliomyelitis, on the other hand, there is often considerable demyelination in the most affected regions of the anterior horns. This is by no means constant and may be due to the accompanying vascular changes. In any case the rapid disappearance of nerve-cells alone can only be due to a direct attack on them by the virus of the Sections of Conmparative Medicine, and Neurology 1173 disease. It is, in fact, (quite as definite evidence of such an attack as the presence in the nerve-cells of granules or of special inclusion bodies.
A very interesting fact has recently been discovered by Nicolau and Galloway [6] in several of these virus diseases, i.e., that the virus after reaching the brain and cord spreads rapidly throughout, not only the central, but also the peripheral nervous systems. The peripheral nerves show infiltrative lesions and pieces of them may be used for the inoculation of other animals. In some cases, it is true, only infiltrative lesions are seen, and it appears as though the proximity of mesodermal tissues to the peripheral nerve-fibres had destroyed the virus in them. But it seems quite definite that the virus spreads centrifugally along the peripheral nerves.
In so far as vaccinia is concerned these observations have been confirmed by Mervyn Gordon's [5] exl)eriments, in which, after intracerebral inoculation, vaccine was found in greater concentration in the nasal mucosa than in the brain.
These observations remind one of a sentence in Professor Boycott's Presidential Address to the Section of Pathology of this Society [1]: "We have no proof that the particles of virus which we get out of the lesion are directly descended from those we put in." His idea was that inoculation of a tissue with virus may set up a inetabolic disturbance in the tissue which of itself reproduces virus. The extreme rapidity with which neurotropic viruses can disseminate themselves through the nervous system certainly suggests something of the same nature as the transmission of an impulse througlh a nerve, or the passage of ignition along a gunpowder trail.
(3) The third class is that in which the disease is characterized by perivascular areas of demyelination. In this class are grouped the forms of encephalitis which supervene after such infectious fevers as small-pox, chicken-pox and measles, after inoculation with vaccinia and possibly during Pasteur's antirabic inoculation. These diseases are pathologically so similar as to be practically identical. The disease begins some days after the fever, usually when the patient is convalescent. The pathological anatomy of this condition has been chiefly studied in post-vaccinal and post-variolar encephalo-myelitis, but recently several cases of measles encephalitis have also been fully recorded. The demyelination appears to be confined to the tissues around certain veins, but is also found in somie cases round the circumference of the cord and along the walls of the ventricles. The experimental work on this condition has been disappointing. So far as I know it has hitherto been impossible to produce similar lesions in the brain and cord by the inoculation of any virus or any combination of viruses. But the opinion fairly generally held at present is that the condition is not the direct result of the virus which causes the fever but is due to the activation by this virus of some demyelinating virus or enzymle which the patient had previously harboured.
In the present state of our knowledge it is difficult to assign the distemper encephalitis of dogs to any group witlh anytlhing approaching finality. The older observers were impressed with the meningeal and perivascular infiltrations, which were likened by Dexler to the changes found in general paralysis. Degenerative changes in the nerve-cells, and inclusion bodies (Staupekorperchen) in them, were Also described.
Recently, Gallego has also found areas of microglial proliferation in which are numerous fat granule-cells and a few rod-cells. These probably correspond to the " areas of microcytes " described by Cerletti. In a case which I have recently examined through the kindness of Professor Wooldridge, lesions of both these types were in evidence. In the fore-brain there was intense meningeal and local perivascular infiltration, especially in the cortex. On the surface of the pons there were also narrow zones of myelin degeneration with numerous fat granule-cells. I understand that Mr. Pugh and Dr. Perdrau have found very similar lesions in the pons. Distemper encephalitis therefore appears to possess some of the characteristics of each of the last two classes. I have said very little about the inflammatory reaction which usually accompanies these forms of encephalo-myelitis. There is a tendency nowadays to consider this not as a direct response of the tissues to the presence of the virus, but as a reaction to the destruction of the nervous tissues. Certainly it is very variable in degree and is not always as widespread as the. damage to the nerve-cells or myelin sheaths. At one time it was thought that the mere collection of wandering cells in the perivascular lymph spaces might harm the nerve-cells by blocking the lymph channels, but it is now realized that the death of the nerve-cells occurs too early to be due to this cause. The excellent examples of neuronophagy which are seen in poliomyelitis and in "Borna " disease can only be caused by the primary death of the nerve-cell and the liberation from it of disintegration products which exert positive chemiotaxis on wandering cells in the vicinity.
One type of disease remains to be mentioned: the "hfmorrhagic encephalitis," which at times comes on after influenza or some other febrile disease, but sometimes without obvious cause. In the present state of our knowledge we can only regard this either as a local purpura or as part of a general htnmorrhagic diathesis. The name " encephalitis" may be admissible on clinical grounds, but does not seem to have any pathological justification. BDol., 1928, xcviii, 31, 112, 206. Dr. Russell Brain : There are cases in which acute or subacute cerebral symptoms are apparently produced by the toxiemia resulting from an infection without the infective agent being present in the nervous system.
Pathology.-Pathologically, the cardinal features of the acute infective encephalopathies are: (1) indications that the damage falls, in the nervous system, mainly upon the endothelial tissues; and (2) the absence of the round-cell infiltration, whether general or perivascular, which we associate with true infections of the nervous system.
Macroscopically, cedema of the brain is conspicuous, with flattening of the convolutions, and petechial haemorrhage may or may not be present.
Microscopically, we may distinguish diffuse and focal changes. The former include hyperiemia of the brain, pericellular cedema and distention of the perivascular spaces with blood-plasma which may be coagulated. Chromatolysis of ganglion cells and axis cylinders is described. The characteristic focal changes appear to be related to the vessels and consist of areas of "coagulation necrosis" around small vessels sometimes surrounded by extravasated red cells-" ring hmmorrhages." The vascular endothelium may be swollen, and sometimes a thrombus occludes the vessel. These patches evoke glial reaction and the formation of fat granule cells. In contradistinction to the demyelinating forms of encephalitis the perivascular destruction is not selective, but involves all the nerve elements indiscriminately. Small round-cell infiltration is absent. Lipoid degeneration of the liver and kidneys may be present, indicating a general toxmemia.
Bacteriological culture of the nervous system is negative. Clinical Features.-We may for practical purposes distinguish three clinical groups of acute infective encephalopathy: (1) with exclusively or mainly meningeal symptoms, (2) with both meningeal and cerebral or spinal symptoms, (3) the latter without the former.
Common to the first two groups is an acute and often fulminating onset, with pyrexia, the temperature often reaching 105°or 1060 F. (1) In the meningeal group, the symptoms consist of headache, vomiting, delirium, irritability and photophobia. Cervical rigidity, Kernig's sign, cutaneous hyperaesthesia, and diminished tendon reflexes constitute the characteristic abnormal physical signs.
(2) When the brain is involved convulsions are common, and delirium rapidly passes into unconsciousness. Aphasia, hemiplegia, diplegia, papillcedema, ocular palsies and signs of cerebellar defect may be present.
(3) Cerebral symptoms, without meningeal, usually occur in cases of less acute onset.
The cerebrospinal fluid is usually under greatly increased tension and frequently appears to be otherwise normal; though a rise in protein or a moderate increase in mononuclear cells may be present.
Htematuria, albuminuria, casts and leucocytes in the urine, may supply evidence of the effect of the toxemia upon the kidneys.
In the accompanying (1) Pyogentic infections.-There is no need to stress the long-familiar association of meningeal symptoms with generalized infections, such as pneumonia; but it is important to realize that cerebral symptoms may arise in the presence of local or generalized pyogenic infection without histological or bacteriological evidence that the organism is present in the brain. The difficulties of diagnosing the intracranial complications of otitis are increased by toxic meningeal and cerebral reactions.
(2) I include the specific fevers because there seems no doubt that, in spite of the importance rightly attributed to demyelinating encephalitis, this by no means covers the field of the cerebral complications of these diseases. It is probable that they also sometimes give rise to toxic meningeal and cerebral states, though pathological evidence is scanty. Thus Ford mentions a benign meningeal form of measles encephalitis, and I have seen typical meningism in diphtheria. So-called " acute haemorrhagic encephalitis " has been described as complicating scarlet fever and measles.
(3) Lastly we find a group of meningo-encephalopathies of unknown origin,_ occurring most frequently in children. A purely meningeal picture may thus occur; in most cases, however, cerebral symptoms are prominent. This group includes the acute non-suppurative encephalitis of Marsh, acute encephalitis of Anderson, acute serous encephalitis of Brown and Symmers, the case reported by Gordon, and the fatal case in Brain, Hunter, and Turnbull's series. By analogy I assume that these are also due to micro-organismal toxins.
As to the meningeal symptoms in these conditions, the presence of meningeal symptoms does not necessarily mean infection of meninges, but meningeal irritation. In some of these cases the meningeal syndrome may arise with no infecting agent in the meninges. " Borna " disease and fowl paralysis having been described by Galloway, and rabies adequately summarized in text-books, I will pass on to secondary encephalomyelitis. B (1).-Equine ingtuenza (pink eye) is an acute febrile contagious disease of horses, of which the incubation period and course may vary each between 2 to 14 days. The mortality is low. The disease has been transmitted to healthy horses by filtered blood and filtered spermatic fluid. A small percentage of cases early develop a diffuse encephalo-myelitis, which usually proves fatal. B (2).-Fowl pest (fowl plague) is an acute febrile contagious disease of poultry and some wild birds, due to a filtrable virus detected in the blood, central nervous system, nasal secretion, exudates of the serous cavities, bile and faeces (Centanni, 1902) . The incubation period varies from 2 to 7 days, and the course of 2 to 4 days frequently terminates in the development of encephalo-myelitis, which is almost invariably fatal. Kleine (1905-06) and Schiffmann (1906) (1926) have shown that experimental distemper in dogs, i.e., distemper without the common clinical compJlications, is an acute infectious disease characterized by an incubation period of 4 days, followed by coryza, a bi-phasic temperature curve, severe gastro-intestinal and respiratory disturbance and a comparatively low mortality-rate. In 10 per cent. of their dog cases an encephalitis developed, which arose about the seventh day or as late as the third or fourth week. These encephalitis cases are always of serious import," but the terininal stages were not studied owing to the difficulty of nursing under experimental conditions. Macroscopically, the brain appeared normal, the cerebrospinal fluid normal or in excess, and the meninges acutely congested. Histologically, there was degeneration of scattered nerve cells of the grey matter of the brain, with " small collection of small round cells scattered here and there in the cortex and around the ependyma." No perivascular sheath infiltration and no inclusion bodies were found.
Clinical distemper cases, however, frequently manifest encephalo-myelitis, 74 of 150 cases studied by Goldberg and Volgenau (1925) showed nervous symptoms. According to Hutyra and Marek (1926) who have summarized the findings of Cerletti and earlier authors, also according to Goldberg and Volgenau (1925) , clinical distemper encephalo-myelitis is characterized: (a) macroscopically by congestion of and occasional hmorrhages in the meninges, and by an occasional excess of cerebrospinal fluid; (b) histologically by perivascular sheath infiltration of round cells, diffuse vacuolation or chromatolysis of the nerve-cells, proliferation of glia-cells, vacuolation of the white matter, and hemorrhages. These lesions which are scattered, being present in some and absent in other levels, have been likened to human poliomyelitis by Roman and Lapp (1925). In addition, acidophilic inclusion Sections of Comparative Medicine, and Neurology 1177 bodies situated within the cytoplasm or nuclei of the nerve-cells of Ammon's horn, less commonly extra-cellularly, have been described by Lentz (in 1909 and earlier), Standfuss (1908) , and Babes and Starcovici (1912) . Sinigaglia (1912) , also Babes and Starcovici (1912) , found small vacuolated bodies containing basophilic granules in the cells of Ammon's horn and lining the ventricles, in the epithelial cells of the cornea, bronchi, and lung alveoli; while a third body resembling Encephalitozoon cu,niculi was reported by Kantorowicz and Lewy in the brain-cells. C (1).-? Post-distemper encephalo myelitis (dogs).-Routine autopsies occasionally produce cases of chronic encephalo-myelitis, the clinical phenomena of which have been ably typed by Pugh (1926) . I hesitate to accept Pugh's assumption of a distemper origin for all his cases, since in my own cases there is a history of distemper authenticated by the clinician, in some, on the assertion of the owner, there is no such history, and in others the history of a previous distemper is unproved. An example of the latter category was described by Flexner and Clark (1913) , the dog, aged 4 to 5 years, having shown dysphagia, flaccid paralysis of the left fore limb, progressing to neck, head, mouth and right fore limb before destruction. The spinal cord and ganglia only were examined by these authors. So far as I am aware no specific type. of histology, which would exclude clinical distemper, has been demonstrated in these cases. Endothelial cells may be seen accompanying the round-cell infiltration, but I have not observed acidophilic inclusion bodies in my own sections.
I have had no opportunity of carrying out transmission experiments, but Flexner and Clark did not observe any symptoms in two puppies and two monkeys inoculated intracerebrally and into sciatic nerve with cord emulsions from their case. In spite of the clinical history of such cases, a series of transmission experiments is required, if only to exclude distemper, though the recognized difficulty of obtaining evidence of the presence of virus in human chronic encephalitis may add a further obstacle to the elucidation of this problem. C (2).-Canine hysteria (frights disease).-Though the atiological factor is unknown, this disease of dogs of all breeds and ages is widely accepted amongst veterinary clinicians as infectious, but having no etiological relationship to distemper. I shall confine myself to a few references to its pathology. Wright (1927) described the disease as an infectious meningo-encephalitis, but presented no evidence in support of this. The description of the brain and spinal cord of four cases given by Symonds (in appendix to Eyre's paper, 1928) agrees substantially with my own small experience. Macroscopically, the brain and spinal cord show no characteristic macroscopic changes, though in two cases I h'ave found an excess of cerebro-spinal fluid. Histologically, the nerve-cells of the spinal cord, brain-stem and cerebellum appear normal, but, according to Symonds, a small proportion of the cells of the cortex shows "degenerative changes of the type generally seen in toxic encephalopathies, i.e., swelling and eccentricity of the nuclei, chromatolysis and satellitosis." No polymorphonuclear or round-cell perivascular sheath infiltration, no abnormal glia-cells, and no inclusion bodies were found.
Probably a most interesting case in a "very young dog," described by Petit, Marchand and Bouchet (1923) as "ambulatory automatism," should, on the clinical evidence, be included in this section. The brain was congested and the cerebro-spinal fluid in excess. Parts of the brain cortex showed no histological abnormalities, whereas other parts revealed perivascular infiltration with small roundcells, neuroglial hyperplasia and possibly slight chromatolysis of the nerve-cells.
The white matter showed foci of round-cells and partial demyelination of nervefibres. No inclusion bodies were found. The authors present a reasonable case for excluding distemper as an eatiological factor of this subacute encephalo-myelitis.
Thus, such evidence as I have suggests that canine hysteria may reveal changes in the central nervous system, varying from a slight encephalopathy to a meningo-encephalitis.
Brain emulsions from two of my cases have been inoculated intracerebrally into rabbits without result. Klarenbeck (1927) failed to transmit the disease, with brain emulsions of affected cases inoculated intracerebrally, into dogs and rabbits, and intraperitoneally into guinea-pigs. C (3).-Louping ill (sheep).-The clinical manifestations of this disease vary from a slight indisposition to a paraplegia. McGowan and Rettie (1913) described the histology of the central nervous system of eleven cases as a poliomyelitis, showing acute and chronic types. They obtained negative results with the intracerebral inoculation into two healthy sheep of the emulsified brain from two of their cases. Stockman (1916 and 1918) preferred the term myelo-encephalitis to describe the lesions which involved the spinal cord, especially the lumbar and cervical enlargements, to a greater extent than the brain. The disease was reproduced in sheep by the subcutaneous, int,raperitoneal and intravenous inoculation of the bacteriologically sterile blood or lymph-gland juice of affected cases, also by infestation with ticks (Ixodes ricinus) previously fed on diseased sheep.. Subcutaneous, intraperitoneal and intravenous inoculation of emulsions of the brain and spinal cord of affected cases produced no clinical evidence of the disease, and were considered avirulent; no intracerebral inoculations appear to have been performed.
Stockman found eosinophilic "chromatin bodies" (Giemsa stain) in some of tlle mononuclear cells of the blood and cedematous lymph-glands both of naturally and experimentally infected sheep. These bodies, being round, oval, pear-or rod-shaped, and situated within the cytoplasm or nucleus in numbers varying from one to six or more, were regarded by Stockman as a protozoan, and as the causative agent of " louping ill." Experimentally-infected sheep that recovered (unlike the piroplasmoses) did not harbour the "chromatin bodies," also they seemed immune to further infection.
Stockman's inclusion bodies recall the " chromatin bodies " observed in a disease of fowls (clinically resembling spirochoetosis) of Nigeria and Palestine by Macfie (1914) and Adler (1925) . These eosinophilic chromatin bodies, varying in size from minute points to large, rounded, club-shaped or signet-ring forms, were found within the " crystalloid " leucocytes. The disease was transmitted by intramuscular inoculation of two healthy fowls with filtered blood (Adler) .
The " Kurloff " bodies in the lymphocytes of guinea-pigs (Benda, 1924) are also of comparative interest. C (4).-Scrapie (trotting disease) is a disease of sheep, usually from 18 to 36 months of age, which arises insidiously and has a course of 2 to 5 months, characterized by sensory phenomena followed by motor paresis and terminating in paraplegia. Occasionally no symptoms are manifested.
Hutyra and Marek (1926) state that Besnoit and Morel found a peripheral neuritis with more or less extensive chromatolysis of individual motor nerve-cells as the only lesion in the cord, whereas Cassirer was unable to find any lesions in the central or peripheral nervous system. Stockman (1926) observed a scattered neuronophagia, and intracytoplasmic or intranuclear acidophilic inclusion-bodies, varying from the size of small specks to that of a red blood corpuscle or even larger, within a variable number of nerve-cells of the medulla, cord, and spinal ganglia. Stockman suggested that these inclusion-bodies might indicate a filtrable virus as the cause of "scrapie," but further observations of his experimental inoculations with cord emulsions were arrested by the author's sudden and deeply-lamented death. C (5).-Virus I1l encephalitis (rabbit).-Rivers and Stewart (1928) reported more fully upon an active filtrable agent (Virus III) which is indigenous to rabbits, and " undoubtedly causes a natural infection in these animals, yet the spontaneous disease has not as yet been recognized."
Intracerebral inoculation of testicular virus produced in some of the test animals tremor, ataxia, irritability, circling, salivation, retention of urine, generalized tonic and clonic contractions of the skeletal muscles or paralysis with death; other test rabbits, however, showed nothing further than increase of temperature. The mortality-rate was not stated, but apparently recovery was not unusual.
The resulting chronic meningo-encephalitis was characterized by a meningeal and perivascular infiltration of round, plasma, and endothelial cells, neuronophagia, and acidophilic nuclear inclusions within nerve-cells, glia-cells, endothelial cells, arachnoid fibroblasts, ependymal cells, and cells of the choroid plexus. These bodies were not found within the nuclei of the Purkinje cells of the cerebellum.
Though the authors saw some resemblance between the symptomatology and histopathology of the experimental encephalitis of virus III and that of herpes, yet they concluded from a further experiment that virus III was not herpes virus.
C (6).-Spontaneous encephalo-myelitis of rabbits (Encephalitozoon cuniculi Twort (1922)).-Twort and Archer (1922) described a contagious encephalo-myelitis among their stock rabbits, characterized by an insidious onset, wasting, subnormal temperature, and in some cases a discharge from the eyes. The course of 15 hours to several days usually ended fatally; a minority completely recovered. In addition to a chronic meningo-encephalitis the rabbits showed " lesions " in the kidneys, liver and spleen.
Wright and Craighead (1922) described an encephalo myelitis in young rabbits, characterized by persistent drowsiness, followed in most cases by a tremor shortly before the development of " slight or marked, general or localized " paralysis. The mortality was high. The causal agent was thought to be a protozoan found scattered among the round-cell infiltration of the central nervous system, in the degenerating nerve-cells, and in the epithelial cells of the kidney tubules. The disease was reproduced in healthy rabbits by intracerebral inoculations of spinal cord and of sedimented urine from affected cases. A body, believed to be identical with Wright and Craighead's protozoan, was described in meningo-encephalitic lesions of rabbits by Doerr and Zdansky (1923); and by Levaditi, Nicolau and Schoen (1923) , who gave it the name Encephalitozoon cuniculi; Goodpasture (1924) observed the " body " in the lungs, Smith and Florence (1925) in the kidneys of rabbits, while Da Fano (1924) reported it in English rabbits. Levaditi, Nicolau and Schoen (1924) reviewed their work on the encephalitozoon which they found either in the brain or kidney or in both brain and kidney of rabbits experimentally infected with the viruses sent by Kling, Thalhimer and Twort. Rabbits were experimentally infected by intracerebral inoculation or ingestion of the urine, by intracerebral and intratesticular inoculation of the brain or kidney of affected animals. The incubation period of experimental cerebral lesions was from 6 to 8 weeks, that of direct contact infection from 17 to 21 weeks. The infection was transmissible to rat, dog and mouse.
The histology of the lesion " is practically a granulomatous lesion, perivascular in type, with cellular exudate composed of large cells with clear nuclei-endothelial type; also the parasite (Encephalitozoon cutnicutli) can be demonstrated in a number of cases" (McIntosh and Scarff, 1926) .
No author appears to have isolated and cultivated the encephalitozoon, which some protozoologists, e.g., Wenyon (1926), do not accept as a protozoon. Again, Woodcock (1927) agrees with Kling that it is not a living organism bu,t a reactionproduct to a virus (analogous to the Negri body of rabies), being found not in the early but in the more advanced stages " when degenerated and necrotic foci could be founds"
The division of opinion as to the nature of these inclusion bodies (e.g., the Negri body) has been increased by Manouelian and Viala (1924) reporting organisms morphologically indistinguishable from Encephalitozoon cunicutli in the cells of the brain and salivary glands of rabid dogs. Levaditi, Nicolau and Schoen (1924) [21 confirmed these observations and claimed that the Negri body is the cyst-stage of the protozoon, which they named Glugea lyssie. rabbit and monkey had been previously inoculated with herpes virus. The two rabbits died on the thirteenth and twenty-third day respectively from a chronic meningo-encephalitis. The lesions differed from those of encephalitozoon meningoencephalitis in the marked changes in the floor of the fourth ventricle. To the protozoon-like bodies found in the macrophages and ependymal cells the authors gave the name Toxoplasma cuniculi. The disease was transmissible to rabbits by intracerebral inoculation of affected brain tissue, the inoculated animals dying within two weeks after showing weakness and paralysis. C (8).-Spontaneous encephalo-myelitis of white mice.-Cowdry and Nicholson (1924) described lesions of a chronic meningo-encephalitis in 25 out of 141 apparently healthy mice. In five of these mice protozoon-like bodies identical with those described in rabbits by Wright and Craighead were found free or within the macroplhages as well as in very characteristic cysts, which, in addition to being associated with the infiltrations, were present in other parts of the brain showing no abnormal reaction. Levaditi, Nicolau and Schoen (1924) also found similar bodies in the brain of 26 out of 37 apparently normal mice. They reproduced the lesions in 56 out of 92 mice inoculated with affected brain and kidney tissue, urine and peritoneal fluid.
Mr. Leslie Pugh: The work on encephalo-myelitis of dogs, in which I have been collaborating with Dr. Perdrau, appears to suggest that encephalo-myelitis occurs not infrequerntly in the dog, independently of distemper, but that this same condition may occur simultaneously with distemper and give rise to the expression-"6outbreaks of nervous distemper." We have experienced considerable difficulty in proving whether a dog has or has not had distemper.
There seems to be evidence of a connexion between all these forms of encephalo-myelitis which occur in dogs, independently of distemper, that "hysteria " might be classed as the mildest or most transient form of the condition, and that the lethargic and cerebellar types are the most severe. We have been fortunate in being able to compare notes with Dr. Laidlaw and Major Dunkin, but we are still unable to state what relation these forms of encephalo-myelitis bear to distemper. Laidlaw and Dunkin were not able to produce a histological picture in any of their fatal cases of true distemper, similar to those which I published 3 or 4 years ago under the title of epidemic encephalitis in dogs, or to those previously described by Dexter, Cerletti and others under the name of nervous distemper.
